The second pterosaur genus to be established, Rhamphorhynchus von Meyer, 1847, has historically been used as a wastebasket material. Several species have been erected for fossils found in Europe and Africa, the majority of which are based on non-diagnostic material. Following Bennett's (1996) review of its taxonomy, Rhamphorhynchus is generally regarded as a monospecific taxon restricted to the Late Kimmeridgian and Tithonian of Southern Germany. Here we describe a disarticulated but complete right pterosaur wing, MJML K-1597 from the Kimmeridge Clay Formation of England. Based on a combination of morphology and statistical analysis, MJML K-1597 can safely be referred to Rhamphorhynchus, making it the first diagnostic Rhamphorhynchus specimen from outside of Germany. Furthermore, based on the unique length ratio between wing phalanx 1 and wing phalanx 2, MJML K-1597 can be referred to a new species of Rhamphorhynchus.
Introduction
Rhamphorhynchus muensteri von Meyer, 1847 is a medium sized piscivorous pterosaur with a prowed lower jaw and procumbent, fang-like teeth from Late Jurassic Plattenkalks of Southern Germany (Wellnhofer, 1975; Witton, 2013) . Münster (1830) was first to discuss the specimen that eventually became the holotype, a skull preserved in dorsal view with an associated lower jaw (Wellnhofer, 1975) . It was formally described by Goldfuss (1831) , who named it Ornithocephalus muensteri Goldfuss, 1831. This holotype was destroyed in the Allied bombing of Berlin during World War II but numerous plastotypes exist and are accessioned in institutions across the world (e.g. NHMUK PV R 231). Münster (1839) described a more complete animal which he identified as a new species based on its extremely long tail, naming it Ornithocephalus longicaudus Münster, 1839 (Wellnhofer, 1975 . von Meyer (1846) considered the long tailed pterosaurs of the Late Jurassic Plattenkalks to be distinct from Pterodactylus Cuvier, 1809, placing them in the subgenus Pterodactylus(Rhamphorhynchus), which was given generic status a year later (von Meyer, 1847) with R. muensteri made the type species. Subsequently, Rhamphorhynchus became the most speciose pterosaur genus after Pterodactylus. By 1975 dozens of species of Rhamphorhynchus had been erected and/or synonymised (Wellnhofer, 1975) , with most based on isolated or non-diagnostic material (e.g. Sauvage, 1873) . Wellnhofer (1975) performed a major re-evaluation of the taxonomic content of Rhamphorhynchus and reduced its species count to 5. Bennett (1995) carried out a second major revision in which he argued that several characters Wellnhofer (1975) considered to be specific were a combination of ontogenetic, sexual and individual variation. Bennett (1995) synonymised all German species of Rhamphorhynchus into the type species, R. muensteri. With regard to Rhamphorhynchus species erected on material from outside of Germany, Bennett (1995) briefly mentioned they were most likely indeterminate rhamphorhynchids but a more detailed evaluation was considered beyond the scope of his study.
While Bennett (1995) did not discuss non-German examples of Rhamphorhynchus in detail, he is most likely correct that previously identified non-German material is indeterminate (see below), making Rhamphorhynchus an exclusively German taxon. However in recent years, some Late Jurassic pterosaur collections have become available which may include non-German examples of Rhamphorhynchus. The Etches Collection (MJMLK) of fossils from the Kimmeridge Clay Formation of Dorset, England, houses numerous examples of plesiosaurs, crocodiles and other reptiles; including several pterosaurs. These consist primarily of appendicular fossils with some well-preserved axial specimens, including the skull of the Late Jurassic wukongopterid Cuspicephalus scarfi Martill and Etches, 2013 (Witton et al., 2015) . Apart from Cuspicephalus and several appendicular, the majority of the material appears to be to rhamphorhynchine. Due to the isolated nature of the fossils, identifying them to a higher taxonomic level is problematic. One exception is MJML K-1597, a complete disarticulated wing preserved on a slab of Kimmeridge Clay. Here we describe MJML K-1597, and make a case for assigning it to Rhamphorhynchus.
Institutional Abbreviations: BMNHC, Beijing Museum of Natural History, Beijing, China; MB.R, Humboldt University Museum, Berlin, Germany; NHMUK, Natural History Museum UK, London, United Kingdom; MJML K, The Etches Collection, Kimmeridge, Dorset, UK; TM, Teylers Museum, Haarlem, The Netherlands.
Non-German pterosaurs previously identified as Rhamphorhynchus
Fossils referred to Rhamphorhynchus have been found in Africa, Portugal, Asia and the United Kingdom (Bennett, 1995; Jain, 1974; Barrett et al., 2008) . The Late Jurassic Tendaguru Formation of Mtwara, Tanzania has yielded several indeterminate pterosaur specimens (Janensch, 1914; Parkinson, 1930; Unwin and Heinrich, 1999) , and an incomplete distal right radius and ulna (MB.R. 2845) identified as the new species, Rhamphorhynchus tendagurensis Reck, 1931. This specimen was re-evaluated by Unwin and Heinrich (1999) who concluded that while the bones could be identified as a non-pterodactyloid pterosaur based on the morphology of the distal articulation of the radius and ulna, it differed from the condition seen in Rhamphorhynchus and lacks diagnostic features of the genus. Unwin and Heinrich (1999) concluded it was an indeterminate non-pterodactyloid and treated R. tendagurensis as a nomen dubium. Jain (1974) described a partial jaw he identified as a new species of Campylognathoides Strand, 1928 . Barrett et al. (2008 refer the specimen to Rhamphorhynchus sp. while Padian (2008b) believes it to be a fish. Colbert (1969) discussed an anonymous account of possible Rhamphorhynchusmaterial from "Soviet Asia" without mentioning the nature of the remains. Thulborn (1973) and Malafaia et al. (2010) figure pterosaur teeth from Pombal, Portugal, which are similar to those of Rhamphorhynchus but due to the lack of diagnostic characters are identified as indeterminate pterosaurs.
The United Kingdom is far more productive than the rest of Europe for Jurassic pterosaurs and subsequently several specimens have been referred to Rhamphorhynchus in the last 200 years. Huxley (1859) (Colbert, 1969; Wellnhofer, 1975; Hone et al., 2012; Lü et al., 2012) . Owen (1874) also figured several first wing phalanges (WP1) assigned to both species with strongly developed grooves along their posterior margins, a feature common in rhamphorhynchines (see below). These specimens can be placed in Rhamphorhynchinae but a more detailed analysis is needed to identify them generically. The material is currently being studied as part of a larger review and will be described elsewhere. The quadrates described by Lydekker (1891) on the other hand are only superficially similar to pterosaur quadrates but are very similar to the quadrates of coelacanth fish (Forey, 1997) , and are considered such here. Etches and Clarke (2010) figure several limb elements from the Kimmeridge Clay Formation which they identify as Rhamphorhynchus sp. These specimens are currently under review and will be described in due course. (Fig. 3) is a disarticulated almost complete right pterosaur forelimb with associated elements from the left wing. The bones lie in a single plane on a slab measuring 403 mm × 487 mm. To test the placement of MJML K-1597 within basal pterosaurs, several bivariate analyses were produced which compared the ratios of one bone with that which preceded it. The analyses were performed on the generic level with one exception (see below) and included the following material: 54 specimens of Rhamphorhynchus, 17 specimens of Dorygnathus Wagner, 1860, 6 specimens of Campylognathoides; 5 specimens of Wukongopteridae (consisting of a combination of Darwinopterus Lü et al., 2010 , Wukongopterus Wang et al., 2009 , Kunpengopterus Wang et al., 2010 and Changchengopterus Lü, 2009 ) and 4 specimens of Scaphognathus Wagner, 1861. The wukongopterids were not divided into individual genera as the taxa are distinguished from each other primarily on skull characters which are not relevant to this study. The data was taken from the following sources: Wellnhofer (1975) , Padian (2008a Padian ( , 2008b , Lü et al. (2010 , 2011 ), Wang et al. (2009 , 2010 , Bennett (2014) and Li et al. (2014) . The graphs and specimen numbers of the material used can be found in the supplementary data. Due to some of the reference material lacking measurements and the need to compensate for the absolute size-dependency of the data distribution, the data is presented as ratios relative to the shortest element in the wing (metacarpal IV, MCIV). The syncarpal is excluded from the analyses as its dimensions are not included in the majority of sources. 
Materials and methods

MJML K-1597
Systematic palaeontology
Pterosauria Kaup, 1834
Rhamphorhynchidae Seeley, 1870
Rhamphorhynchinae von Nopcsa, 1928 Genus Rhamphorhynchus von Meyer, 1847
Type species -Pterodactylus longicaudus Münster, 1839
Type specimen. TM 6924, articulated, near-complete pterosaur skeleton (Münster 1839 , Wellnhofer, 1975 Revised diagnosis -As defined in Bennett (1995) with the removal of the 6th character: First wing phalanx is longest and roughly the length of the skull. Meyer, 1847 (Goldfuss, 1831 Münster, 1839; von Meyer, 1846) Holotype -The type of R. muensteri was lost during WWII. A neotype has never been erected due to the prevalence of high quality casts in various institutions (e.g. NHMUK PV R 231). Diagnosis -MJML K-1597 is identified as Rhamphorhynchus on a combination of the morphology of its scapulocoracoid and the structure of the wing (see below). It is diagnosed as a new species based on the second wing phalanx being the longest phalanx in the wing.
R. muensteri von
Description
MJML K-1597 is a partial right pterosaur forelimb with associated left wing elements (Fig. 3 , Table 1 ). The right wing is disarticulated but all elements are in association. The bones lie on a slab of Kimmeridge Clay.
The slab has been reassembled, as evidenced by a large split passing through two of the phalanges close to the centre of the rock. All elements are at least partially three-dimensional. The long bones are crushed at their epiphyses but maintain three-dimensional diaphyses. Scapulocoracoid: There is a single three-dimensional right scapulocoracoid on MJML K-1597 (Fig. 4) . It is exposed in lateral view as evidenced by the exposed glenoid. Both the coracoid and scapula are complete although slightly worn and fractured proximal to the glenoid. The glenoid is fractured but mostly whole, but both the supraglenoidal buttress (SGB) and lower glenoidal tubercle (LGT) are broken at their tips. The scapula is 40 mm long, 7 mm wide at the glenoid, approximately 2 mm wide at its proximal termination and 3 mm wide medially. It is bowed 150° relative to the posterolateral margin of the glenoid. The coracoid is 41 mm long, 6 mm wide around the glenoid, 4 mm wide at its proximal termination and 3 mm medially.
Together the scapula and coracoid form an angle of approximately 65-70°, giving the scapulocoracoid a Vshape in lateral view. The elements are fully fused and there is no identifiable suture between them. The scapula is relatively simple with the exception of the scapular process, a low semi-circular process synonymous with the posterior process of Eck et al. (2011) . It extends 5 mm along the length of the scapula, 1 mm in front of it and may be homologous to the acromion process found in several other groups (Padian, 1983; Nesbitt, 2011) . The acrocoracoid process is a rounded sub-trapezoidal process with muscle scars, possibly from the m. supracoracoideus (Jensen and Padian, 1989; Bennett, 2003) . It extends 5 mm in front of the glenoid, is 7 mm wide dorsoventrally at its base and 4 mm wide at its tip. The biceps tubercle is similar to the scapular process although it is more robust. It extends 5 mm along the coracoid shaft and 1.5 mm below it. The sternocoracoidal joint is a well-developed suboval extension of the proximal coracoid.
It comprises 4 mm of the proximal coracoid and extends 2 mm above its dorsal margin. The glenoid boundaries are defined by the SGB and the LGT. It is 13 mm tall with the SGB being 5-6 mm tall and the LGT is 7-8 mm tall. Given the preservation, the dorsoventral width of the SGB is difficult to determine but the
LGT is approximately 4 mm wide and angled obliquely relative to the SGB. Abbreviations: ap, acrocoracoid process; bt, biceps tubercle; dc, dorsal cotyle; etp, extensor tendon process; lgt, lower glenoidal tubercle; plg, posterior longitudinal groove; sc, sternocoracoidal joint; sgb, supraglenoidal buttress; sp, scapular process. Scale = 25 mm.
Humerus: Only the right humerus (Fig. 5 ) is preserved lying adjacent to the scapulocoracoid. It overlies the ulna and is itself overlain by a WP2 (Fig. 6 ). The bone is crushed and abraded but otherwise intact. The humerus is 60 mm long with a diaphysis 6 mm wide proximal to the humeral head and 10 mm wide distally.
It is preserved in ventral view as evidenced by the rugosity visible on the posterior medial crest, the slightly Radius and Ulna: MJML K-1597 preserves an associated radius and ulna towards the centre of the slab (Fig.   6 ). The radius is unobscured but the ulna is partially covered by a WP2 and the humerus. Both bones are 97 mm long. The radius is 10 mm wide proximally, 7 mm wide distally and 3 mm wide medially. The ulna is 10 mm wide distally, around 11 mm wide proximally and 5-7 mm wide medially. Both bones have crushed epiphyses with three-dimensional diaphyses. Which wing the elements are from is difficult to determine due to the crushing and obscuring of their epiphyses, the most diagnostic elements for determining left and right. The distal end of the radius is heavily damaged with very little detailed morphology visible. The proximal end is similarly crushed but does exhibit an enlarged process extending away from the diaphysis giving it a slight L-shaped appearance. At the tip of this process is a slight rugosity that has not been noted in most other studies on basal pterosaurs (e.g. Wellnhofer, 1975; Andres et al., 2010) Wellnhofer, 1975 Wellnhofer, , 1991 Padian, 2008a) and here this is the epiphysis closest to the right humerus. This orientation suggests that it can be identified as the right ulna.
Syncarpal and sesamoid:
A single fully fused syncarpal is preserved on MJML K-1597 ( formed by the curving triangular prominence and the relatively straight distal articulation with its rounded anterior margin. The single WP3 preserved in MJML K-1597 is 163 mm long, 12 mm wide proximally, 9 mm wide distally and 7 mm wide at their midpoint. The diaphysis shows the same mode of collapse as the left WP2, indicating the presence of a posterior groove. There is a triangular posterior prominence at the proximal articulation but unlike the prominence on WP2, the proximal margin is straighter and it has a broader distal extension. The distal articulation has an anterior margin which is less well developed and more inclined than in WP1 or WP2, giving it a more sloping appearance. Towards the distal articulation the diaphysis becomes slightly thinner and appears to curve posteriorly. There is a slight fracture at the bend, suggesting this may be a taphonomic artefact. WP4 is 152 mm long, 9 mm wide proximally, 1 mm wide distally and 2 mm wide medially. Its proximal epiphysis is similar to that of WP3 but its triangular prominence is shorter and broader. The bone thins steadily throughout its length, terminating to a point.
Using the data provided in O' Sullivan et al. (2013) , the wingspan is estimated to be 1.7 m. Ontogeny: All elements of MJML K-1597 are well ossified and fully fused (i.e. the scapulocoracoid interface and the distal syncarpal). This combined with the animal's large size suggests that MJML K-1597 represents a mature adult (Bennett, 1995 (Bennett, , 1996 (Bennett, , 2001 ).
Comparisons
Rhamphorhynchus etchesi has the typical morphology of a pterosaur wing including an elongate scapula and coracoid, an enlarged deltopectoral crest on the humerus and hyper-elongated fourth digit. The glenoid is restricted to the scapula and the MCIV is short, characters common to non-pterodactyloid pterosaurs (Wellnhofer, 1978; Lü et al., 2010) . The scapula in Dimorphodon has a similar curve to its proximal half but smaller glenoidal region (Buckland, 1829). The coracoid is shorter and straighter than in MJML K-1597 being around half the length of the scapula. In MJML K-1597 the coracoid is almost the same length as the scapula with a slight curve along its ventral margin. This coracoidal morphology also distinguishes it from Carniadactylus, Dalla Vecchia, 1995 and Campylognathoides, which possess morphologies distinct from Dimorphodon but with similarly short and robust coracoids (Padian, 2008b; Dalla Vecchia, 2009 (Padian, 2008a; O'Sullivan et al., 2013) . NHMUK PV R36634 also has a much larger biceps tubercle. The coracoid of Sericipterus is very similar to MJML K-1597 but the scapula is more posteriorly inclined (Andres et al., 2010) . The overall morphology is most similar to that of Rhamphorhynchus, with its elongate coracoid and slightly inclined scapula (Wellnhofer, 1975 (Wellnhofer, , 1991 Witton, 2013) .
The humerus of MJML K-1597 is arguably the most informative element. With a length/width ratio of 10, it falls into the range of several non-pterodactyloid pterosaurs including Dimorphodon, Anurognathus Döderlein, 1923 , Eudimorphodon Zambelli, 1973 , Campylognathoides, Dorygnathus, and Rhamphorhynchus (O'Sullivan et al., 2013 . In the majority of non-pterodactyloid pterosaurs (e.g. Buckland, 1829; Wellnhofer, 1978; Wild, 1978; Stecher, 2008; Padian, 2008b; Lü et al., 2010; Bennett, 2014) , the DPC is positioned close to the proximal humeral margin whereas in MJML K-1597 it is deflected axe-like structure (Unwin, 2003) , the development of which is specifically and ontogenetically variable. The axe head is well developed in both Nesodactylus (Colbert, 1969) and Rhamphorhynchus (Wellnhofer, 1975) .
While the anterior DPC is obscured in MJML K-1597 it is in a similar position to that of Nesodactylus and the Zittel Wing (Zittel, 1882). The humeral shaft is more robust than that of Nesodactylus but similar to several examples of Rhamphorhynchus (Wellnhofer, 1975 (Wellnhofer, , 1991 .
The radius, ulna and MCIV present little in the way of taxonomic information in MJML K-1597. The radius/ulna complex is poorly preserved relative to the other elements and in this case lacks diagnostic characters. The short, squat MCIV is typical of the morphology seen in non-pterodactyloids (Wellnhofer, 1991; Lü et al., 2010) but, in part due to the angle of preservation, it is difficult to identify any diagnostic characters. It is compares as well to the MCIV of Triassic pterosaurs (Dalla Vecchia and Cau, 2014) as it does to those from the Jurassic (Wellnhofer, 1991; Padian, 2008a Padian, , 2008b all Campylognathoides specimens. BMNHC PH000988 has a relatively larger radius/ulna compared to the other specimens while Campylognathoides has a relatively larger humerus. MJML K-1597 can be distinguished from both these taxa using the morphology of the humerus. In contrast to the forearm, the ratio of the wing finger elements appears to be diagnostic with each data clustering into their respective genera. In each graph Rhamphorhynchus falls apart from all other taxa bar the morphologically distinct taxa Campylognathoides. MJML K-1597 consistently falls within the Rhamphorhynchus data range alongside the larger examples of the genus e.g. NHMUK 37787 and is identified as an example of the genus.
MJML K-1597 is identified as a Rhamphorhynchus, making it the first non-German pterosaur fossil that can be reliably assigned to the genus. There is however a single but significant morphological difference between MJML K-1597 and R. muensteri of potential taxonomic significance: the ratios between the proximodistal length of WP1 and WP2.
Discussion
As the second pterosaur genus to be erected, as well as the most numerous non-pterodactyloid pterosaur known (100 + specimens, Wellnhofer, 1975) , the Tithonian (∼145-152 ma) Rhamphorhynchus has a long and complicated taxonomic history. While more detailed reviews can be found elsewhere (Wellnhofer, 1975; Bennett, 1995) , the following summary provides an overview of the key points. The first specimen
of Rhamphorhynchuswas a single skull and associated jaw from the Solnhofen Limestone, described by Goldfuss (1831). (Wellnhofer, 1975; Bennett, 1995) . Wellnhofer (1975) produced a detailed analysis of Rhamphorhynchus, describing all aspects of the animal from its osteology to its ontogeny. In the process he re-evaluated the taxonomy, reducing the species count to five: R. muensteri, R. longicaudus Münster, 1839, R. gemmingi von Meyer, 1846, R. longiceps Woodward, 1902 and R. intermedius Koh, 1937 . These species were retained based on the degree of fusion in the skeleton, maximum size and general morphology. Due to a lack of intermediately sized animals, they were not believed to be ontogenetic stages from a single species (Wellnhofer, 1975) . Using Principal Component Analysis, size-frequency histograms, bivariate regressions and multivariate analyses, Bennett (1995) argued that the distinctions Wellnhofer (1975) thought represented distinct species were ontogenetic, with the various size groups representing year classes (Bennett, 1995 (Bennett, , 1996 . The lack of size intermediates was suggested to be due to the assemblage perhaps representing a record of seasonal mortality in a migratory species. Bennett (1995) The above highlights the complex history of Rhamphorhynchus and shows how it has been subject to significant taxonomic debate over the past two centuries. With this in mind, we now consider the subtle but marked difference between MJML K-1597 and R. muensteri. As described above, WP1 in MJML K-1597 is 171 mm long and WP2 175 mm long. This makes the ratio of WP1 divided by WP2 below 1 (WP1 96% the length of WP2). This difference is small enough that it does not register on any of the bivariates however this study used data from 54 specimens of R. muensteri, representing all known age ranges (see supplementary data). Within this dataset there are no cases of the WP1 being shorter than the WP2. In a few specimens the bones are sub-equal in length (WP1 100-105% the length of WP2) but in the majority of cases (n = 50) WP1 is 110-130% the length of WP2. This ratio has in fact previously been used as a part of the diagnosis for R. muensteri (Bennett, 1995) . This precedence lends some support to using the WP1/WP2 ratio in MJML K-1597 as a taxonomic character. In order to test if this character reverses through either ontogeny or individual variation, the ratio from several pterodactyloid and non-pterodactyloid taxa was tabulated and compared (Table 2) . With the exception of R. muensteri, Bellebrunnus (Hone et al., 2012) , Sericipterus (which can be distinguished from MJML K-1597 based on its morphology) Peteinosaurus
Wild, 1978 (which has a WP1 close to or equal to the length of WP2), Eudimorphodon and the highly derived Anurognathids (the phylogenetic placement of which is currently debatable; Kellner, 2003; Unwin, 2003; Bennett, 2007; Andres and Myers, 2013; Andres et al., 2014) , non-pterodactyloid pterosaurs tend to have a WP1 shorter than their WP2. In pterodactyloids WP1 is always longer than WP2. As Table 2 shows, within a single taxon the WP1/WP2 ratio varies through ontogeny but the ratio only reverses in Eudimorphodon. While this raises the possibility that the ratio can shift ontogenetically in some pterosaurs, no such reversal is found in any other taxon. With an estimated wingspan of 1.7 m and all elements of the wing fully fused, MJML K-1597 is an adult animal of comparable size to the largest mature R. muensteri. The ontogenetic maturity and lack of ratio reversals in the 54 Rhamphorhynchus included in this study (see supplemental data) suggests that the ratio between WP1
and WP2 can be used as a diagnostic character in the case of most pterosaurs. While the difference in length in WP1 and WP2 in MJML K-1597 is merely 4% (WP1/WP2 = 0.96363), it appears to be a distinct difference between MJML K-1597 and all other specimens of Rhamphorhynchus assigned to R. muensteri.
However, one potential issue with using the wing to identify MJML K-1597 as Rhamphorhynchus is the recently erected Qinglongopterus and Bellebrunnus, both of which are morphologically similar to Rhamphorhynchus and thus raise questions about the validity of its diagnosis. to 40% of the body length. Qinglongopterus, the smallest animal included in the analysis with a skull 3 mm shorter than the smallest Rhamphorhynchus, appears on the graph where a Rhamphorhynchus of similar dimensions might be expected to fall. This suggests that rather than being a taxonomic character, the low skull/body length percentile is a product of the ontogenetic age of the specimen. The second character of the slender distal process of the prepubis is also problematic. While the distal process is clearly thinner than the anterior process (Lü et al., 2012) , this is not unusual. Wellnhofer (1975) figures several prepubes which show variable degrees of thickness, including a specimen with a broad anterior process and a thin distal process. This character most likely varies with either age or sex and is of dubious diagnostic value.
The final character, that of the thickness of the distal pteroid expansion, is difficult to judge based on the figures included in Lü et al. (2012) . None of the characters given for Qinglongopterus are unambiguous autapomorphies and we suggest it is probable that Qinglongopterus is a junior synonym of Rhamphorhynchus. Lü et al. (2012) note that WP1 is very slightly shorter than WP2
in Qinglongopterus (WP1 is 99% the length of WP2). Unfortunately the preservation of the distal epiphysis of the WP1 of Qinglongopterus is quite poor. Given how small the difference is between the phalanges (0.3 mm), we believe it is more likely that this difference is either a preservational artefact or represents the margin of error in the method of measurement methodology (Viscardi et al., 2012) . While the femur does lack a distinct femoral neck, several specimens figured in Wellnhofer (1975) show that the femoral neck may develop with age, again making this a difficult character to use as an autapomorphy. The straightness of the humeral shaft is also difficult to use taxonomically as several rhamphorhynchines (Wellnhofer, 1975; Lü et al., 2012) have shafts which appear straight and determining the straightness of a crushed specimen can be problematic. Ultimately the dubious nature of these features is due to the lack of an in-depth study into the way Rhamphorhynchus changes through ontogeny. For now, we consider Bellebrunnus to be sufficiently similar to Rhamphorhynchus to be considered congeneric based on the current diagnosis for the genus. There are however two characters of Bellebrunnus which make it possible it is not conspecific with R. muensteri: the lack of elongate caudal supports on the vertebrae and the anteriorly curving WP4.
The above opinions suggest that Bennett's (1995) diagnosis of Rhamphorhynchus can be used to generically identify an associated wing. However it is important to note that these opinions are not intended to be a full revision of either Qinglongopterus or Bellebrunnus. Such a revision is beyond the scope of this paper.
Rather, they serve to highlight that, within the scope of the current diagnosis, Qinglongopterus and
Bellebrunnus are similar enough to Rhamphorhynchus to be considered junior synonyms. Therefore we do not believe either taxon affects the diagnosis of MJML K-1597. Ultimately, a re-evaluation of Rhamphorhynchus is needed to develop a more robust diagnosis (see below).
Conclusions
MJML K-1597 is placed in the new species R. etchesi. Unfortunately MJML K-1597 is currently the only rhamphorhynchine fossil from the Late Jurassic of the UK with an associated WP1 and WP2. While wing phalanges are the most common pterosaur element from the Oxfordian and Kimmeridgian of the UK, these are all isolated. Most can be diagnosed as rhamphorhynchine but any higher taxonomic placement is problematic. The rhamphorhynchine material from MJML is likely to belong to Rhamphorhynchus based on its association with MJML K-1597 but which species is currently unknown. A more in-depth evaluation is currently in progress which may find more diagnosable material but until it is complete, the MJML K rhamphorhynchine material is identified here as Rhamphorhynchussp.
As mentioned above, the establishment of R. etchesi highlights the need for an in-depth re-evaluation of the taxonomy of R. muensteri. In particular, specimens from outside the Solnhofen Limestone formation (e.g. those collected from the Nusplingen Limestone Formation) would benefit from further examination.
The diagnosis of R. muensteri also needs consideration in light of the rapid expansion of pterosaur research since the mid-1990s. It is recommended that Rhamphorhynchus be re-evaluated in order to provide a stronger diagnosis for the genus, which may either permanently separate it from Qinglongopterus and Bellebrunnus, or allow both to be properly synonymised with it. Like its contemporary Scaphognathus (Bennett, 2014), Rhamphorhynchus appears to have been far more geographically wideranging than merely Europe. With its positive identification in the Kimmeridgian of the UK and the potential for its occurrence in China, it appears to have been a cosmopolitan genus across Eurasia, making it one of the most widespread Jurassic pterosaur genera known.
